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COMPTROLLER GENERAL OF THE UNITED STATES
WASHIKGTON, D C. 25338

B-179768

~l-*igre
The

The

The
“tU.The

" The
The

The

Honorable Bill Archer, House of Representatives

Honorable M. Caldwell Butler, Louse of Representatives
Honorable George A. Goodling, House of Representatives
Honorable James F. Hastinos, House of Representatives
Honorable G. V. Montgomery, House of Representatives
Honorable Steven D. Symms, House of Representatives
Honorable Joe D. Waogoner, House of Representatives
Honorable Antonio Borja Won Pat, House of Representatives

Gentlemen:

In accordance with your September 24, 1973, reguest

and subseguent discussions with your offices, we are re-
porting on

\

--the Occupaticnal Safety and Health Administra- &3
tion's (OSHA's}) basis for issuing an emergency
temporary standard for 14 chemicals considered
te be carcinogens, particularly HOCA--a trade name
used by E. I. du Pont de Nemours and Company for
the chemical 4,4'~Hethylene-bis(2-chlorcaniline},

--the adequacy of safequards provided by the Occupa-
tional Safety and Health Act cf 1970 to protect
the individual‘'s right of due process after a
standard has been promulaated,

--our evaluation of OSHA's decision relating to
issuing the standard, and

~--the possible waste of public funds if OSHA lacked
sufficient data to suvport the issuance of the
standard.

As agreed with your offices, we are preparing a

separate report on OSHA's issuance of an emergency temoo-
rary stanéard on pesticides, which we expect toc issue
shortly.

Appendixes II, III, and IV were copied directly

from OSHA or National Institute for Occupational Safety
and Health (NIQOSH) documents and should not be considered
as our views or as facts we developed.
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We interviewed O3SHA oifficials, reviewed OSHA files
and records relatinag to issuing the standard, and con-
sidered the adeguacy of safequards provided by the Occu-
pational Safety and Health Act of 1970 to protect the
individual's vight of due process. We alsgo interviewesa
officials of MIOSH reaarding their role in issuing the
standard.

As requestz2d, we did not obtain formal OSKHA coa-
ments. The revort contents, however, were discussed with
OSHA officials and their comments were considered in pre-
paring the rerort.

We do not plan to distribute this report further unless
any of you agree or publicly announce its contents.

Sincerely yours,

Comptroller General
of the tUnited States
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ANSWERS 70 QUESTICONS ON THE ISSUANCE OF
AN EMERGENCY TEMPORARY STANDARD FOR
CERTAIN CHEMICALS CONSIDERED TO BE CARCINOGEXNS

INTRODUCTION

In December 1970 the Con gr
Safety and Health Act of 19 {
for this legislaticn was concern a
to carcinogens.

cnacted the Occupaticnal
S.C. 651). One rcason
occupational exposure

CSs
29
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Section 6(c) (1) of the act states that the Secretary of
Labor shall provide, without regard to the requirements of
chapter 5, title 5., of the United States Code (administra-
tive procedures), for an emcrgency temporary standard to
take immediate efrect upon puklication in the Pederal
Register if he determines tha<

--employves are exposed to grave ranger from substances
or agents dctcrmined to ke toxic or physically harm-
ful or from new hazards and

--such a stanzard is necessary t.~ protect employees
from the danger.

On May 3, 1973, an emergency tenmporary standard to
regulate employee exposure to 14 chemicals considerecd to be
carcinogens was published in the Federal Register. The
standard was revised on July 27, 1973, to provide more
definitive controls for workplaces and work operations and
to require more explicit warning signs and container labels.
The events before this standard was issued arc sumnarized as
follows.

On May 23, 1272, the Occupational Safety and Health
Administration {OSHA) requestcd the National Institute for
Occupaticnal Safetv and Health {(NIOSH) to obtain information
on nine chemicals alleged to ke carcincgenic. NIOSH, in a
preliminary report to O3HA on July 14, 1972, listed 15 sub-
stances as chemical carcinogens, which included the ¢ iden-
tified cn OSHA's reguest, and reccmmended that a permit
system to control carcinogens in the workplace be considered.

" BEST DOCUMENT AVAILABLE
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Such a system weuld have required each emplcer that manu-
factured, distributed, or operated a process involving any
of the chemicals to apply to OSHA for a use permit based on
the safequards to be used by the employer to protect the
workers.

The 15 substances on the NIOSH list were (1} 2-Acety-
laminofluorene, (2) 4-Aminodiphenyl, ({3) Benzidine {and its
salts}. (4) 3.3'-Dichlorcbenzidine f{and its salts}, (5)
4-Dimethylaminoazobenzene, (6) alpha-Naphthylamine, (7} beta-
»aphthylamine, {8) 4-Kitrobiphenyl, (2} N-Nitrosodimethy-
lamine, (10} beta-Propiolactene, (11} bis~-Chloromethyl ether,
(12) Methyl Chloromethyl ether, (13} 4,4'-Methylenc=bis (2-

chlorozniline), (14} Ethylereimine, and (15} Dimethyl Sulfate.

On December 29, 1972, the Health Research Group and the
0il, Chemical, and Atcmic Workers Internaticnal Union peti-
tioned OSHA to establish an emergency temporary standard
regulatirg exposurc of emplovees to 10 substances alleged
to be carcinocgens. On February 9, 1973, CSHA published a
notice of reccipt of the petition in the Federal Register
and requested interested persons to comment on the petition
bafore March 11, 1973. OSHA received written comnents from
about 50 manufacturers, trade associations, labor unions,
redical research laboratories, and other interested parties.

On April 26, 1973, the Assistant Secretary for Qccupa-
tional Safety and Health determined that

—14 of the 15 chemicals (Dimcthyl Sulfate was deleted
because of questionable evidence) were toxic and
physically harmful,

-~exposure to any of the 14 chemicals pcsed a grave
danger to employees,

~~cmployees were being exposed to the substances, and

--an emergency temporary standard was riecessary to
protect them.

According to OSilA officials, OSHA preferred a uniform
work practice standard over the use-permit system recom-
mended by NIOSH because (1) there were some unresoclved
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APPENDIX X

questions on whe ther the act would have permitted 0SHA to
adopt a use-permit systen instead of a uniform work practice
standard, (2) implementing a use-permit system would have
required OSHA to evaluate manv different applications on a
case~by-case basis, possibly causing serious administrative
problems, and {3} OSHA wz2nted to avoid any legal or adminis-
trative problems or delays in protecting workers from the
substances.

stk
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SCIENTIFIC AND ECONOMIC DATA SUPPORTING THE 2
ISSUANCE OF THE STANDARD o

NIOSH's ini%ial report to OSHA in July 1972 implicated
each of the 14 chemicals as a carcinogen. Before the emer-
gency temporary standard was issued, NIOSH made available to
OSHA additional informaticn on these 14 chemicals; this in-
formation was feormalized and subscquently transmitted to T
0OSHA as "hazard reviews."” 1
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These "hazard reviews,” which are summaries of avail-
able sciéntific literature, show that each of the 14 chemi~
cals has produced tumors in two or more different species
of animals, indiczting a potential carcinogenic nature.

(Sce app. II for OSHA's summary of the NIOSH hazard reviews.)
Also OSHA prepared an env:ironmental impact statement on

the standard which states that 6 of the 14 chemicals have
been proven through epideniological studies to be carcino-
genic to humans.
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The problems of environmental exposures to chemical
agents and the scientific criteria for evaluating carcino-
genic hazards were discussed in an April 1970 report to the
Surgeon General by the Ad Hoc Committec on the Evaluation
of Low Levels of Environmental Chemical Carcinogens. In
part, the repcrt states (1) "Any substance which is shown
conclusively to cause tumors in animals should be considered
carcinogenic and therefore a potential cancer hazard for
man" and (2) "No level of exposure to a chemical carcinocgen
should be considcred toxicologically insignificant for man.
For carcinogenic agents 'a safe level for man' cannoi be
established by application of our present knowledge."
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APPENDIX I

In response tc our request, the Director of OSHA's
Office of Standards provided the following statement regard-
ing the medical, technical, and economic data used to justify
issuing the temporary standard on carcinogens.

v g ARG S

IEPIENES

"Both emergency standards [carcinogen and pesticide]
were promulgated pursuant to Section S{c} of the 0OSH
Act without substantial technical or economic data.

In each instant (sic} it was determined that employees
were exposed to grave danger and that the standards
were necessary to protect employees.

"The extent of danger from exposure to carcinogens and
pesticides remains unknown. For carcinogens, medical
science has not determined dose-response relaticnships,
possible latency periods or metabolites for certain of
these substances including MOCA. Each of the carcino-
gens have been demonstrated to produce cancer in two or
more different species of animals. NIOSH has advised
us that exposure of humans to such substances poses a
risk that such exposure will produce cancer. Public
hearings (held after the issuance of the emergency
temporary standard} have failed to produce clinically
significant evidence that a latent carcinogenic danger
does not exist for each substance covered by the emer-
gency temporary standard. OSHA concluded that there
was lnsufficient medical, technical and economic data
to justify the risk of continued exposure of workers
to potentially carcinogenic substances.™

In addition, OSHA's environmental impact statement con=-

tains the following information on the use of the 14 chemi-
cals and on the number of employees and employers affected
by the standard:

"Only seven of the carcinogens are currently produced
in commercial guantities and the remainder are present-
ly used only for research or appear as contaminants

of some other chemicals. Most of these latter seven
were commercially produced at one time, but have fallen
into non-use since they have been proven to be human
carcinogens.
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APPENDIX I
"k * ¥ approximately 250 firms with about 1,200 employ-
ees are known to be affected by the proposed regula-
tions. It is estimated that the number of firms is
closer to 1,700 and the number of employees exposed is
closer to 12,000, with over 80 percent of these working
with 4,4'~methylene~bis (2-chloroaniline}.”

The effect of many toxic substances on humans is almest
immediate with readily observable symptoms; however, the
coarcinogenic effect of most cancer-producing agents is not
cbhservable until months or years after exposure. Though it
ig riot yet known whether a single exposure to such substances
is sufficient to cause cancer, it is known that usually a
lony lavency period between the initial exposure and the
development of cancer occurs. On the basis of animal exper-
iments and cpidemiological studies available to OSHA and the
criteria provided by the Surgeon General's Ad Hoc Committee
on the Evaluation of Low Levzls of Environmental Chemical
Carcinogens, all 14 chemicals could be carcinogenic to man.
We believe that OSHA was justified in initiating action to
safeguard workers exposed to the 14 chemicals.

CARCINOCENICITY OF 4,4'-METHYLENE-BIS
{2-CHLOROANILINE ) —-MOCA

MOCA was developed in the early 1950s as the best of
several chemicals which could be used to manufacture elasto-
meric articles. Elastomers are synthetic rubber or plastic
substances having some of the properties of natural rubber.
Large-~scale commercial production began about 1962. MOCA
has since become a commercially important curing agent.

{Sec app. I1I for sclected extracts on MOCA taken from
CSHA's environmental impact statement.)

The animal experimentation data on MOCA indicates its
potential carcinogenic nature. For example, the NIOSE
hazard review on MOCA states that the results of the studies
involving rats and mice as reported by three independent
groups of investigators clearly demonstrate an active onco-
genic {tending to cause tumors)} role for MOCA. The review
further states that the absence of definitive industrial
experience and the positive findings in two animal studies
bv three independent investigators preclude the elimination
of MOCA as a human carcinogen.
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APPENDIX I

In these twn studies, tumors developed not only in the
liver but in the lungs. The NIOSH hazard review states
that this finding appears significant since the rat is not
particalarly sensitive to lung cancer. {See app. IV for
NIOSH's hazard review on MOCA.)

On the basis of the animal evidence cited by NIOSH and
the criteria provided by the Ad Hoc Cor.aittee on the Evalua-
tion of Tow Levels of Environmental Chewical Carcinogens,
MOCA could be carcinogenic to man.

SAFUGUARDS TG PROTECT THE INDIVIDUAL'S RIGHT
OF DUE PROCESS AFTER PROMULCATION OF STANDARDS

The Occupationzal Safety and Health Act of 1970 includes
several provisions to safeguard the individval's right of
due process once a standard has been promulgated. These
provisions allow (1) any affected employer to apply to the
Secretary of Labor for a variance from a standard, (2} any
person adversely affected by 2 standard to challenge its
validity by filing a petition with the U.S. court of appeals
within 60 days after a standard is promulgated, (3) an
employer to contest a citation or proposed assessment of
penalty for violating a standard, and (4) any employee or
emplcyee representative to file a notice witlh the Secretary
challenging the reasonableness of the time fixed in a cita-
tion for abating a violation.

Varionce from a standard

Subsection 6(b) (6) (A} of the act states that "any
employer may anrply to the Secrctary for a temporary orders
granting a variance from a standard or any provision there-
of promulgated under this section." A temporary order may
be granted to the employer if he cannot comply with a
standard by its effective date and establishes that (1)
professional or technical personnel or materials and eguip-
ment necded to comply with the standard are unavailable or
necessary constructicn or alteration of facilities cannot
be completed, (2} he is taking all available steps to safe-
guard his employecs against the hazard covered by the stan-
dard, and (3) he has an effcciive program for complying
with the standard as quickly as possible. This subsection
also states that a temporary order may be granted only after
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notice has been given to employees and an opportunity pro-
vided for a hearing; the Secretary may issue one interim
order until a decision is made on the basis of the hearing.

Section 6(d) of the act states that “any affected
employer may apply to the Secretary for a rule or order for
a variance from a standard promulgated under this section."”
Such a variance can be granted when an employer can show
that he does or will provide working corditions as safe and
healthful as would result if he complied with the standard.

s of November 1973, OSHA had received 12 wvariance
ations regarding the emergency temporary standard on
nocens. An OSHA official stated that

-
o

2]

1
[SVEN )
o

--the revised emergency temporary standard issued on
July 27, 1973, eliminated the need for variances in
five of the applications and these casec were closed:

-~for two of the remaining variance applications, the
applicants--Allied Chemical Corporation and Polyure=-
thane Manufacturers Association--were granted interim
crders;

--the five remaining applications were not being
processed because the emergency temporary standard
had expired but that action would be taken on these
arplications, if aecessary, when the permanent stan-
cdard on carcinogens was issued.

Petiticn for judicial review

Section 6(f) of the act states that any person who may
he adversely affected by a standard issued under section 6
may at any time before the 60th day after such standard is
promulgated file a petition challenging the wvalidity of the
standard with a U.S. court of appeals.

Several interested parties filed petitions in May and
June 1973 with the U.S. Court of Appeals for the Third
Circuit. The petitions challengyed the inclusion of two sub-
stances--3,3'-Dichlorobenzidine (DCB} and Ethylencimine (EI)
--in the emergency temporary standard for carcinogens. The
petitioners contended that
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APPENDIX I

~-the record contained nc substantial evidence showing
+hat the use of DCE and EI satisfied the provisions
of subsection 6(c) {1} of the act as teo conditions
necessary to justify the promulgation of an emergency
standard,

-=the findings of fact and statement of reasons for the
stancGard contained in its preamble were inadequate,
and

~~the Assistant Secretary violated the National Environ-
mcntal Pelicy Act of 19069 by failing to prepare an
environmental impact statement before issuing the
stancard.

The court found tt. statement of reasons in the stan-

dard’'s preanble insufficient in two respects:

-

The statement failed to set forth the basis for the
finding that the 14 chemicals listed in the stan-
dard were carcinogens., To satisfy subsection 6(e},
the statement should have indicated which data in
the record was being principally relied on and

why that data svfficed to show that the substance.
were harmful and posed a grave danger to exposed
employees. The court stated that this could have
been acconplished by a brief statement in the May
3, 1973, notice that certain scientific data
{(citing the record documents} showed that DCB and
EI produced cancer in rodents and indicated that
they were therefore carcincgenic in man.

l.

2. The statement of reasons failed to explain why

this standard was "necessary to protect the employ-
ces from such exposure." The court ctated it did
not mean to say that every procedure must be jus-
tified as to every substance, type of use, or
production technique. The court read subzzz%ion
6(e) as requiring at least a gereral explanation

of why the procedures prescribed were chosen in
light of the recommendations of scientific experts
and other governmental bodies, the types of indus-
trial practices with these chemicals, and the
alternative kinds of regulations considered by OSHA.

of et
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Because of the deficliencies in the statement cf reasons,
the emergency temporary standard was vacated as to DCB and
EIX.

An OSHA official informed us that OSHA had the appro-
priate documentation on these twec substances, but it was not
properly set forth in the precamble to the standard.

Regarding the preparation of an environmental impact
statement, the court stated that, thecugh the Nataonal Envi-
ronmental Policy Act (NEPA) requirement applies to ordinary
standards promulgated under the Occupational Safety and
Health Act, an exception should be made for the emergency
temporary standard involved in this case. The court alsec
concluded that, when OSHA issues a draft environmental im-
pact staterent within a reasonable time after issuing such
a standard, the requirements of NEPA are satisfied.

Contecsting a citation, a proposed assessrent

of penaltv, or an abatement peried teo the

Cccupational Safety and Health

Review Corsuission

In carrying cut its enforcement activities, OSHA issues
citations to employers and determines penalties to be im-
posed. The citations must be in writing: describe the
nature of the violation:; and specify what rule, standard, or
order has allegedly been violated. The citation nust also
give the employer a reasonable time to correct the violation.

Section 10(a) of the act provides that ar employer may
contest a citation or proposed assessment of penalty within
15 working days after receiving it.

Similarly, employees or employee representatives who
wish tc challenge the reasonableness of the period specified
in a citation for correcting a violation must file a notice
with the Secretary within 15 working days following the
issuance of the citation.

Whenever an employer files an apprepriate notice with
the Secretary, the Occupational Safety and Health Review
Commission must afford him a hearing. It must also permit
affected employees to participate in the review proceedings

" BEST DOCUMENT AVAILABLE
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whether or not they have filed a notice challenging the per-
iod allowed to correct a viclatien. Similarly, when employees
£il2 a timely notice challenging the abatement period, the
Commnission must afford them a rearing and review, even when
the employer has not contested the citation or penalties.

GAQ'S EVALUATION OF OSHA'S
DECISION TO ISSUE THE STANDARD

We discussed with OSHA officials the basis for their de-

c.sion to lssue an emergency temporary standard on carcinogens.
They stated that available scientific evidence on the 14
cremicals necessitated timely action to protect exposed work-
evys rather than take additional time to complete a criteria

ackage to support the promulgation of a permanent standard.

o

OSHA's decision to issue a temporary standard was based
on (1) the scientific evidence available at that time, (2}
the criteria provided by the Surgeon General‘'s Ad Hoc Com-~
mittee on Low Level Environmental Carcinogens, (3} the Health
Research Group and thz 0il, Chemical, and Atomic Workers'
petition requesting the establishment of a temporary standard,
and (4) the responses received in regard to the Federal
Registers notice requesting comments on th:2 petition.

Neotwithstandinag the court decision to vacate the tem-
porary standard as to DCB and EI. which was based on its
findings that OSHA did not appropriately set forth the basis
for the standard in the preamble, 1t appears that OSHA's
decision to issue the standard was reasonable.

POSSIBLE WASTE OF PURLIC FUNDS
I OSHA LACKED SUFFICIENT DATA TO
SUPPORT THE ISSUANCE OF THE STANDARD

Because the data available to OSHA appears to have been
sufficient to justify issuing the emergency temporary stan-
ard, we did not evaluate the expenditure of public funds
involved.

[aF
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OSHA'S SUMMARY OF THE 14 NIOSH HAZARD REVIEWS

{1} Z=acetv!anipncfluorecne

Experimental animal investigations invelving rats, mice,
rabbits, dogs, hamsters and fowl have demonstrated the car-
cinogenicity of 2-Acetylaminofluorene (2-AAF). Investigations
into the mechanism whereby 2-Acetvlaminofluorene exerts its
carcinogenic effect have demonstrated that the N-hydroxylated
metacolite, N-hydroxy-2-AAF, was produced in several animal
species and was more carcinogenic than the parent corpound.
The Uational Cancer Institute (NCI) demonstrated that humans
also metabolize thas substance to the same carcinogenic
wrabolite. PFrom these findings, it seems reasonable to
conclude that 2-AAF, which has been shown to be carcinogenic
1n many animal species, 1is carcinogenic in man.

(2) 4-Aminodichenyl

The potential of 4-Aminodiphenyl (4-ADP} to induce
bladder cancer in humans has been established in epidemio-
logic studies conducted by Melick et al. and Koss et al.
Deicktmann & Radomskl considered 4-DP to possess a relative
carcinogenic potential for the doc 6 times greater than that
of beta-Naphthylamine, 17 times greater than that of 4-Ni-
trobirhenyl and 27 times greater than that of Benzidine.

In addition, the carcinogenicity of 4-ADP has been well-

established in the open scientific literature with demon-
strated potential for malignant tumor induction in rabbits
and mice. The accumulated experimental and epidemiologic
evidence have demonstrated 4-Aminodiphenyl may be the most
hazardous arcomatic amine regarding carcinogenic potential.

{3} Benzidine

Renzidine was demonstrated to be carcinogenic in ex-
perimental animal investigations involving rats, dogs,
hamsters, and mice. Epidemiologic investigations of werker
populations exposed o Benzidine have clearly demonstrated
that this substance a 3 its s=alts are also carcinogenic in
humans. The incidence of urinary bladder cancer in workers
exposed to Benzidine «n these epidemiologic investigations
greatly exceeded the incidence of this disease in the general
population.

n BEST DOCUMENT AVAILABLE
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{4) 3,3'-Dichlorobenzidine

The determination that 3,3'-bichlorokenzidine (DCB} is
potentially carcinogenic for humans rests on the determina-
tion that DCB has been shown to be carcinogenic in controlled
animal studies involving rats, mice and hamsters. A clearly
defined and statistically significant worker populaticon ex-
posed to DCB only, in sither the past or in the present, is
difficult to ascertain. Existing worker populations have
been either exposed to other listed chemical carcinogens in
their past work experience or are presently being exposed to
other suspect carcinogens in addition to DCB. Therefore,
the cas for the human carcinogenicity of DCB must rely on
extrapolation to humans of the most pertinent animal studies
of oncocenesis.

The studies by the NCI concerning the induction of
tumors, significantly including bladder tumors in hamsters,
and the studies by Pliss et al. concerning the induction
of tumors in mice and rats present experimental evidence
of tumor production in three animal species.

Although DCB has been detected in the urine of workers
receiving a minimum of exposure, the metabolism of this
substance is unclear, although it probably differs from
that of other carcinogenic aromatic amines such as Benzi-
dine and beta-Naphthylamine.

{5} 4-Dimethylaminoazcktenzene

Numerous reports concerning carcinogenicity of 4-Dime-
thylaminoazobenzene (DAB)} in experimental animals have been
published. This substance was demonstrated to be carcinoc-
genic in rats, dogs, neonatal mice and trout. The similarity
in metabolism of various aromatic amines in dogs and humans,

- cmphasizes the importarce of the finding that DAsS had been
denonstrated carcinogenic for dogs.

{6} alpha-Naphthylamipe

Tre contamination of alpha-Naphthylamine (1-NA) by
beta-Naphthylamine (2-NA) a potent carcinogen, and mixed
occupational exposures involving 1-NA and other aromatic
amines has confounded the epidemiologic conclusion that

12 BEST DOCUMENT AVAILABLE
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1-NA is carcinogenic in man. Both I-NA and 2-NA are readily
metabolized to various derivatives, several of which have a
demonstrated carcinocenic potential in experimental animals.
The demonstration that a metabclite of 1-NA, N-Hydroxy-1-
naphthylamine, possessed a greater carcinogenic potential
than the corresponding 2-NA metabolite, N-Hydroxy-2-naph-
thylamine, erphasizes this consideration. In addition, the
extensive epidemiclogic study in the dyestuffs industry con-
ducted by Case failed to eliminate an active role for 1-NA
as a human bladder carcinogene.

{7) besta-Naphthylamine

beta-Naphthylamine (2-NA) was demonstrated to induce
cancer of the urinary bladder in dogs, rhesus monkeys ard
hamsters. Tumors were induced in other organs of rats and
mice exposed to 2-NA zlthough attempts at tumor induction in
rabbits was unsuccessful. Epidemiologic investigations of
worker populations exposed to 2-NA clearly demonstrates that
this substance is carcinogenic in humans.

{8) 4-Nitrobiphenvl

Because of the structural similarity of 4-Aminodiphenyl
to 4-Nitrobiphenyl and the experimental evidence fer in vivo
formztion of 4-Aminodiphenyl from 4-Nitrobiphenyl, the
epidemiologic investigations published by Melict et al. and
by Koss et al. are of special significance. These studies
have demonstrated the potential of 4-Aminodiphenyl to induce
urinary bladder cancer in humans. The case of the carcino-
genicity of 4-Nitrobiphenyl is stronqgly supported by the
induction cf urinary bladder cancer in dogs, the evidence
that 4-Nitrobiphenyl is metabolized, in vive, to 4-Amino-
diphenyl (a highly carcinoganic aromatic amine), and the
possibility that the cases of numan urinary bladder cancer
attributed by Melick et al. to 4-Aminodiphenyl only, may
have been induced by exposure to 4-Nitrobipheryl as well.

{9) N-Nitrosodimethvlamine

The carcinogenicity of N-Nitrosodimethylamine (DMN} for
the liver and kidney of the rat has been repeatedly demon-
strated in experimental studies. In addition, primary tumors
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of the lungs have been induced in rats administered oral
doses of DMhn and inhalaticn of DMN has produced tumors of the
nasal area. Other experimental animal investigations have
demonstrated the carcinogcnicity of DMN for the mouse, the
hamster, the guinea pig, the rabbit and several species of
fish. In view of this brcad spectrum of carcinogenic activ-
ity in experimental animals, DMN must be regarded as poten-
tially carcinogenic for man.

{10) beta—-Propiclactong

The carcinogenicity o beta-Propiolactone (BPL} has
been demonstrated in mice bv skin application, subcutaneous
injection and intraperitonzal injection. Malignant tumors
have been induced in rats ¥ subcutaneous injection, intra-
tracheal administration, »xnd intragastric feeding. 8kin
application to hamsters induced a very high incidence of
skin tumors. Although epidcmiologic evidence demonstrating
BPL to possess a carcinogen:ic potential for humans is not
available, the weight of the experimental animal data
indicates that BPL is also 2 carcinogen in humans.

(11) bis{Chloromethyl} ethcr

Investigations with experimental animals (mice and rats}
have demonstrated that bis{Chloromethyl) ether {(BCME) is a
very hazardous carcinogenic substance. 8Skin application or
subcutaneous inijection of cxperimental animals has resulted
in malignant lesions at the site of application or injection
and in malignant tumors cof the lungs. Of significance was the
demonstration that I ppm or 0.1 ppm of BCME in air, induced
lung cancer in mice or rats. Epidemiologic investigations
conducted separately by the National Institute for Occupa-
tional Safety and Health ard others demonstrated that
emplcoyee exposure to BCME is extremely hazardous with a
high probability of lung cancer.

{(12) Chloromethyl Methyl ezher

The results cf investizations with experimental animals
exposed to commcrcial grades of Chloromethyl methyl ether
(CMME) have been inconclusive regarding the carcinogenicity
of this substance because cf contamination by small concen-
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trations of the highly carcinogenic bis- derivative-bis
(Chloromethyl)ether. However, experimental animal investi-
gaticns involving chemically purified CMME have demonstrated
that this substancec possesses a carcinogenic potential.

Epidemiologic investigations reported in 1972 and 1973
strongly implicated CMME as a human carcinogen, although
concomitant exposure to BCME cannot be discounted.

{13) 4,4'-Methvlene-bis{2-chicroanilinc)

The results of experimental animal studies involving
rats ¢nd mice, @s reported by three different groups of
investigators, have clearly demonstrated a carcinogenic
rotential for 4,4'-Methylene~bis (2-chloroaniline)}. The
results of two industrial studies involving workers exposed
to 4,4'-Methylera-bis(2-chloroaniline) were not definitive
and cennot be relied upon to assess the hazards of occupa-
tional exposure to this substance, although one of the
studies reported that several exposed workers developed
henaturia.

(14) Ethvleneimine

The carcinogenic potential of ethyleneimine (EI} has
been confirmed by a study conducted v Walpole in 1854 in-
volving rats and one sponsored by the National Cancer
Institute involving mice., In the first study, animals
developed injection site sarcomas which the investigators
attributed to the direct action of Ethyleneimine, and in
the second study 80 percent of the animils developed tumors,
including more than one-half with hepatomas (which the in-
vestigators stated had "malignant potentiality") and almost
three-quarters with pulmonary tumors. Although high doses
of EI were administered, the investigators stated there was
no way to predict whether man would be more or less sus-
ceptible to tumor induction by EI.

The case for the carcinogenicity of EI, then, rests on
the extrapolation to humans of the findings in two separate,
controlled animal studies. This position is compatible with
that of NIGSH concerning the prior demonstration of carcino-
genicity in at least two animal studies.

o BEST DOCUMENT AVAILABLE



APPENDIX III

SELECTED EXTRACTS ON MOCA AS TAKEN FROM
OSHA'S ENVIRONMENTAL IMPACT STATEMENT

Irade Names

"MOCA"  (DuPont)

“L D-813" (DuPont-liquid)

“Curene 442" (Anderson Development Company)
“"Cyanaset M" (American Cyanamid)

Synonyms
3,3'-Dichloro-4,4'-diaminodiphenylmethane
4,4'-methylene bis (2-chloroaniline}, methylene-bis~

ortho~chloroaniline

Description

Yellow to light gray-tan pellets which melt at approxi-
mately 220 F. Also available in liquid ferm. This compound
shows the general toxicity characteristics common to aromatic
amines and may produce cyanosis* if ingested. It is a proven
carcinogen in rats.

Sgurce

The three major manufacturers of 4.4'-mechylene {bis}~2-
chloreoaniline are DuPont, Anderson Development Company and
Nixon and Cox (United Kingdom). The major suppliers in the

United States are DuPont, Anderson Development, and American
Cyanamid.

Quantities Produced

Estimated U.S. production during 1972:

solid pellets cicvevavees..4.7 million 1bs.
liquid ...t iiiieerscneveaeec2.0million 1lbs.
export sales (solid) ...... .6 million 1lbs.

Estimated total 7.3 million lbs.

*Cranosis is a bluish or purplish discoloration of the
skin due to deficient oxygenation of the blood.
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APPENDIX III
U.S. sales in 1972 were in excess of 8.7 million dollars.

Numrer of Employees Potentiallv Exposed ;

It is impossible to develop a precise estimate of the
number of employees exposed since:
a) the number of firms involved is large and the :
firms vary in size and type of operation !
b) most firms have not yet reported their use of
the chemical as regquired under subsection (e}
of the Emergency Temporary Standard (38 FR 1092a)
Thirty-ecight firms have reported a total of 382 employees
potentially exposed.

Based on the data currently available, between 2,000
and 25,000 employees are estimated to be exposed to this

substance, with a best guess of approximately 10,000.

Uscs

DuPont describes "MOCA" as a hindered, aromatic diamine ;
which:

-has good vulcanizate propsrties and a convenient work-

ing life with liquid urethane elastomers. :
-provides a curing system for liquid urethane polymer !
blends :
-is an effective curing agent for epoxy resins.

"MOCA" has thvee characteristics which account for its
brocad use: 1. It melts arv a convenient temperature (212-228°
F) 2. It has a reactivity rate which permits adequate mixing
time with liquid polymers befcre setting, and 3. It provides
an unusually good mix of desirable physical properties in
the final products.

The major use of "MOCA" is to produce approximately 32
millien pounds of solid elastomeric parts (approximately
14% "MOCAY).

A smaller quantity (in liguid form) is used to prcduce

approximately 150 million pounds cof cross-linked urethane foam,
as is used in automotive seating and dashboard safety pads.

17
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Users

Between 800 and 1,860 firms use this compound to manu-
facture a large variety of products. Users include many
small firms as well as some of the largest firms in the
United States. The Office of Standards has specifically
identified approximately 120 users of 4,4'-methylene (bis)-
2=-chloroaniline.

DuPont response to the Draft Environmental Impact State-
ment of May 3, 1973 identifies specific uses and users of
"MOCA," including the following:

Ball seals on nuciear submarines, underwater listening
device encapsulation, Navy warship gun mounts, protection of
jet engine turbine blades, protective covers for equipment
in radar systems, and components of nuclear weapons.

2. Industrial

Rollers used in the steel fabricating and plywood
industries, components in home appliances such as washing
machines and dryers, autcrnobile components, wheels for

forklift trucks, urethane shoe soles, and many others.

3. Specific firms

Several firms were identified that would be signifi-
cantly impacted by the unavailability of "MOCA"™ cured parts.

a) Ford facilities for the production of off-the-road
equipment could be shut down 20-30 weeks while develop~
ing alternate engineering and retooling.

b} Polaroid, Xerox, IBM and Eastman Kodak utilize
small rollers and drive belts in cameras, computers,
and reproduction egquipment.

c} Boeing Vertol uses “MOCA" urethane dies for heli-
copter part metal foaming.
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Cnst_of Compliance

A preliminary estimate indicates that the equipment
necessary to completely enclose and automate a typical oper-
ation (prcduction of solid elastomeric parts) is available
for less than $15,000.*% (A maior supplier is considering
modification of his shipping container so that material can
be transferred from the container to this type of system
without reguiring an employee to completely open the con-
tainer}.

A firm reporting under subsection (e} of the Emergency
Temporary Standard has stated that they have applied for a
Small Business Administraticn loan to meet the cost of a
new nanufacturing facility. ILoans of this type are specifi-
cally provided for in the Occupzational Safety and Health Act
of 1970.

The Polyurethane Manufacturers Association stated in May
1973 that approximately 40 s=all firms have discontinued
their operations involving 4,4'-methylene (bis}-2-chlorocani-
line. Many of these firms stopped their activities because
of confusion over exactly what was required for compliance
with the Emergency Temporary Standard. It is anticipated
that most {if not all) of these firms will resume their
activities in lignt of the Revision of Emergency Temporary
Standard 138 FR 20074, July 27, 1973} and the grant of an
Interim Order with respect to the Polyurethane Manufacturers
Asscociaticsn request for a variance (38 FR 20127, July 27,
1973).

Comments

Develeoped in the early 1950's, "MOCA" was the best of
several chexmicals which could ke used to manufacture strong,
durable cil resistant, resilient elastomeric articles by
simple liquid casting. Because of its desirable character-
istics, "MDCA" came into wicds use. However, the industry
also became aware of its toxic aature, and of its proven
carcinogenicity in animals. The major manufacturers have

*Esticate based on cost ef "Flying Wedge," "Quick Melt,"
and "Vacuum Transfer” availacle from Advanced Machine Planning,
Inc.
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spent in excess of a million dollars in trying to find a
general substitute for "MDCA." However, the substances
tested have tui.aed out to be expensive, or equally toxic,
or do not have the same mix of desirable characterisiics.
For example, an alternative to "MOCA" in some applications
is 3,3' dichlorobenzidine, another carcinogen.

A «ost push price increase can be expected for "MOCA®
and for "MOCA" end-product items. The trend toward increased
use of "MOCA" because of its ease of use will probably
diminish where substitutes are available and acceptable.
Since many "MOCA" users are relatively small (in terms of
capital and facilities), it is probable that increased cost
of raw material and costs of employee protection will result
in some business shut-downs.
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APPENDIX IV
NIGSH'S HAZARD REVIEW OF MOCA
4,4'-¥ethylene-bis (2~chloroaniline)

A preliminary report concerning the carcinogenicity of
mrally introduced 4,4'~methylene-bis (2-chloroaniline}* in
~3ts was rade by Steinhoff and Grundmann 11 in 1969. 1In
1470 thzese two investigators published a more extensive
papcr 2 of their completed findings. 1In the later paper the
oxivity and carcinogenicity of 4,4'-methylene~bis{2-chloro-
_1wiline} was compared with that of 4,4'-diaminodiphenylmethane
(oMY . Eoth of these compounds are used as hardeners or cur-
1ng agents for epoxy resin systems and isocyanate-containing
polyvmers. .2, 4, 7° Although commercial productlon of 4,4'-
w-thylcne ﬂis(z—chloroanlllne} began in 1962, '3 DM has
bzen in production for over 25 years. ‘4! The investigators
guote previous work to document the strong toxic effect of
E2M on both rat ard human liver as well as the carcinogenic
effect on rat liver. Schoental [4' has also demonstrated
the carcinogenicity of DDM on the rat liver. An accidental
acute poisoning episode occured in 1965 in Great Britain ir
which E£4 persons became 1ll, some seriously, with jaundice
follcwing the consumption of bread accidentally contamlnated
with DDHM. 5} In general, Steinhoff and Grundmann :1 and 2
considered 4,4'-methylene-bis(2-chloroaniline)} to be less
toxic but more carcinogenic than the non-chlorinated compound,
DDM.

In their experiments Steirhoff and Grundmann [1 and 2]
maintained fifty 100-day~old Wistar rats (25 male; 25 female)
on a low protein ciet containing 0.1 percent 4,4'-methylene-
Lis(2~chloroanilire) for 500 days. (Acute toxicity tests had
earlier demonstrated the relative nontoxicity of the com=-
pound when all ten experimental animals in the study survived
either an oral or a subcutaneous administration of a single
dosec of 5000 wo/Kg.) Control rats used in the chronic feed-
ing experiment weres maintained on an identical low protein
diet excluding the test compound. At the termination of the
500~day experimental feeding period {total dose of 27 g/Kg
body weicht) the experimental animals were maintained ~- the

*4,4'-methylene~bis{2~chloroaniline)or 3,3'-dichloro-4,4"'-
diaminodiphenylmethane has been given the registered tiade-
mark, MOCa, by the E. I. du Pont de Nemours & Co., Inc.

21
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. atrol dict. The average life span for male rats was 565 test
Shys, the average for females was 535 test days. The average
Yife zpan for controls was 730 test days.

Of the 25 male animals, 23 died with tumors. Twenty-two
ar.imals had liver tumors and in 7 of these, primary lung
timors (not metastases) occurred also. Two of the animals with
liver tumors had lung metastases and one brain metastasy was
chserved. One animal without liver tumors exhibited "mas-
sive tumor permeation® of the lungs and benign bladder papil-
lonas were observed in one animal. The two tumor-free
aninals erxhibited fatty livers with isclated necrosis and
hemurrhages.

Of the 25 female anirals, 20 died with tumors. Eighteen
animals had liver tumors and in 4 of these animals, three
also had primary lung tumors {not metastases} and one had
nawnary gland tumors. Two animals had lung tumors without
liver tumors and 9 had benign mammary gland tumors. The
investigaters emphasized that lung tumors in rats are
relatively rare. Of the 50 centrol animals only twc mam-
mary fibroadencmas were observed in female rats, although
the average life span of the controls was longer than that
of the experinentals.

In ancther set of experiments Steinhoff and Grundmann
:6: injected a suspension of 24 percent pure, technical
grade 4,4'-methylene-bis{2-chloroaniline) into 34 Wistar
rats (17 males, 17 females). Subcutaneous injections of
500 or 1000 mg/Kg body weight were administered on the
order of once a week, or at longer intervals, to a total
dose of 25 g,Kg body weight. Twenty-two of the 34 animals
died with a total of 29 malignant tumcrs. Nine animals had
liver cel carcinomas which, in all but one such animal, were
discovered in multiple locations. Primary lung carcinomas
were formed in 7 animals with a multi-central distribution
in 3 animals. 1In the 50 contrel animals (25 males, 25
females) a total of 13 malignant tumors at different sites
were discovered, including one lung tumor. No liver tumors
developed over an average life span of 1040 cays compared to
an average life span of 778 days in experimentals. The
investigatcrs stated:
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“Thus, 3,3'=dichlore=-4,4 '=digninodiphenylmethane
exhibits a definite carcinogenic action in the rat,
the liver and lungs being the main organs affected,
cven after subcutaneous administration and sufficient
protein nutrition. However, a greater number of
liver tumers appear in a shorter time after feeding
the compound in a low-protein diet.”

In 1972, Sherman and Zapp—?} presented investigations
in which rats fed a normal diet, but containing 100C ppm of
4,4'-methylene-bis (2-chloroaniline), for 18 months sub-
sequently developed lung tumors with some spreading to the
pleural cavity. The investigators also observed an in-
creased incidence of liver tumors. When animals were
maintained on a low protein diet containing the compound,
the incidence and malignancy of both liver tumors (males)
and mammary tumors (females} was found to increase.

A contemporary paper by the Nationzl Cancer Institute
reports on the work of the Weisburgers[Sjconcerning the
carcinogenicity of 4,4'~methylene-bis (2-chloroaniline) in
mice and rats. Preliminary studies established the maxi-
rally tolerated dose of this compound in the diet was
1000 mg/Kg body weight in rats and 2000 mg/Kg hocy weigh:
in mice. Control! animals were maintained on Purina labora-
tory chow durinc the chronic feeding investigations while
equal numbers of experimental animais (25 mile mice; 25 fe-
male mice: 25 male rats) were dosed at the above levels and
other groups at half these levels. Tumors observed in ex-
perimental animals and absent in controls included: hepatomas
in rats (4/19 effective rats at the high dose and 1/22
effective at the low dose) 1 glioma; 2 adenocarcinomas of
the lunag; 2 gastrointestinal adenccarcinomas: 1 ear duct
tumor: 2 tumors of the urinary bladder:; and 7 adenomata of
the" lung.

In female mice, hepatomas were observed in 50 percent
of the animals at the high dose and 43 percent at the low
dose. No hepatomas were observed in female control mice.

In male mice there was no significant difference between
experimentals and controls concerning the incidence of hepa-
tomas. Although no vascular tumors (hemangiomas and heman-
giosarcomas) were found in control mice, such tumors
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APPENDIX IV

were opserved in 40 percent of the males and 43 percent of the
ferzles receiving the high dose. At the low dose 23 percent
of the males and none of the females were observed to develop
vascelar tumors. Malignant lymphomas which were common in
contzel mice were not as cemmon in the experimental animails.

it is interesting that three independent studies[6
through 8: have reported the develomment of lung tumors in
rats exposed to 4,4'-methylene-bis(2-chloroaniline}. As
emphasized by the investigators of two of these studies,
‘6 and SEthe rat is not highly susceptible to lung tumor for-
mation. The influence of diet is known to alter the carcin-
ogenic potential of various substances and diet apparently
atfects the carcinogenic potential of 4,4'-methylene-bis (2~
chlorcaniline), but the results of two studies|7 and 8] in
which the experimental animals were maintained on a normal
diet, to which the test substance was added, clearly demon-
strate that the effect of diet, alone, is not sufficient to
account for the oncogenic activity of 4-4’'-methylene-bis{2-
chlorcaniline).

A single plant cohort study involving a group of 31
empioyees and an equal number of controls was published by
Linch et al {3] in 1971. fThe length of exposure of the
control group was not specified. When compared to the
contrel group no significant findings were observed utiliz-
ing the Fap technique as a screening tool for the early
identification of bladder cancer.

Medical records for 178 employees were reviewed for
evidence of acute illnesses, specific systemic illnesses,
chronic disease, and malignancy. With the exception of 4
individuals all individuals in this group had not been
exposed to 4,4°'-methylene-bis{2-chloroaniline} for the
last 10 years. In this grcup the elapsed time since first
exXposure was:

a) 1less than 10 years - no employees
) from 10 to 15 years - 158 employess
c} more than 15 years - 20 employees

If the assumption is made that, of the group of 158 employees,
15 years had elapsed since the first exposure, and that no
exposure had occurred for 10 years, then their total exposure
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was 5 years. L.kewise, the total exposure of the group of
20 employees in which more than 15 years had elapsed since
first exposure would be a maximum of approximately 2 years.
Because of the short exposure durations of woth groups, it
should not be considered urustzl that negative <indings were
reported since the known average latency periocd for develop-
ment of occupational bladder cancer is approximately 20
years.

The fact that the rate of cancer deaths in the plant
population was better than naticnal cancer statistics is not
surprising when consideration is given to the differences
between the total U.S. population and the able working popu-
lation of the plant.

These investigators considered the principal route of
absorption to be other than respiratory and recormended
biologic rather than air monitoring as the procedure of
choice for exposure contreol.

Another industrial study involved the finding by Mastro-
mattec[9]in 1965 that two of six employees, both i . their
thirties, who had a mixed exposure to 4, 4'-methylene—bis(2—
chlorecaniline), TDI and several isocyanate-containing resins
developed urinary freguency with hematuria in addition to
eye irritation, respiratory irritation with cough and tight-
ness in the chest. The hematuria can best be related to the
4,4'-methylene-bis(2~chloroaniline} than to the other sub-
stances. The author considered the conditions to be mild
but also considered that exposure to this substance, praima:ily
by dust inhalation, was the cause of the cbserved cystitis.

The results of the experizmental animal studies involving
rats and mice, as reported by three independent groups of
investigators, Il 2,6, 8j clearly demonstrate an active onco-
genic role for 4,4‘—me9hylene—nls(2-chloroanlllne)

The absence of definitive industrizal experience with
only 2 reported studies, i3 and 9] and the positive findings
in two animal studies by 3 independent investigators, pre-
clude the elimination of 4,4'-methylene-bis(2~chloroaniline)
as a human carcinogen.
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References for 4,4'-methylene-bis(2-chloroaniline}

Steinhoff D, Grundmann E: Naturwissenschaften 58:578, 1971
Grundmann E, Steinhoff D: 2 Krebsforsch 74(1):28-39, 1970

Linch AL et al: Amr Ind Hyg Assoc J 32:802-819, 1971

——

Schoental R: Nature 219:1162-1163, 1968

Kopelman H gt al: Brit Msd J 1:514~516, 1966

Steinhoff D, Grundmann E: Naturwissenschaften 58:578, 1971

Stula FP gt al: Tox and Appl Pharmacol 19:380, 1971

Russfield AB, Homburger F, Roger F, Weisburger EK, Weis-
burger JH: submitted to Tox Appl Pharmcol

Mastromatteo E: J Occup Med 7(10):502-511, 1965
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